Introduction {#sec1-1}
============

Growth and development of the human face provides a fascinating interplay of form and function. The mosaic of morphogenetic pattern, as it is influenced by epigenetic and environmental forces, requires an understanding of many factors.\[[@ref1]\] Among the various facial bones, the mandible is unique as it is the only movable component of mastication suspended by various muscles and ligaments. Although the mandible receives a variety of functional forces during the eruption of permanent teeth, it continues to perform sophisticated movements required for mastication as well as speech. Considerable attention is paid to mandibular growth because it is reported that this bone enlarges the most during adolescence. Timing of orthodontic treatment with mandibular growth is particularly very important, reducing the demands made on changes in tooth position and the potential iatrogenic damage of prolonged appliance wear.\[[@ref1]\]

It is known that many treatment modalities will yield a better result in less time if properly correlated with patient\'s growth period.\[[@ref2]\] Assessment of skeletal maturity is an integral part of interceptive diagnosis and treatment planning. A clinically relevant and reliable method is assessment of skeletal maturity.\[[@ref3]\] Bone age is determined by radiographs, relating the appearance and development of certain bones with their maturational stages. The events of growth and development must be correlated with the maturational level of each individual in order to identify the skeletal pattern and the residual growth and to decide on a proper treatment plan.\[[@ref4]\]

It is important for pediatric dentists to understand the mandibular changes occurring in a child according to skeletal maturity. Hence, this study was conducted to assess the mandibular dimensions during different stages of skeletal maturation. It also aimed at correlating these dimensional changes in the mandible with the various stages of skeletal maturity.

Materials and Methods {#sec1-2}
=====================

Subjects for the study were children, aged 6--18 years, visiting the Department of Pedodontics and Preventive Dentistry, The Oxford Dental College, Hospital and Research Centre, Bangalore. Ethical clearance to conduct the study was obtained from the ethical committee of the institution.

Following the recording of case history and clinical examination, 631 subjects were selected according to the following inclusion criteria:

Children having only Angle\'s class I molar relation, who were neither undergoing nor were receiving any orthodontic or orthopedic treatment.Children with bimaxillary protrusion, cleft lip and/or palate and temporomandibular joint disorders were excluded.Children with handicapping conditions, including medically compromised children and children on long-term medication, were also not included.The nature of the investigation was explained to the parents of the children who were selected and their written consent was obtained prior to the study. Parents of only 302 children gave consent for participation in the study.

Recording of the middle phalanx of the third finger (MP3) stage {#sec2-1}
---------------------------------------------------------------

An intraoral periapical radiograph film was used to record the MP3 using the standard radiographic machine (Villa -- Sistem Medicali Explore, Italy), with the exposure parameter set at 70 Kvp, 8m A and 0.4 s, and a no. 2 size Kodak E speed IOPA film \[Carestream Health, Inc, 150 verena street, Rochester, New York 14608, USA\] (32 mm × 41 mm). The patient was instructed to place his or her hand with the palm down on a flat table with the third finger straight and on the long axis of the standard periapical dental X-ray film in such a way that the middle phalanx was located in the center of the film. The cone of the dental X-ray machine was positioned in light contact with the middle phalanx perpendicular to the dental X-ray film.\[[@ref3]\] The radiographs was interpreted for five stages of MP3 as given by Hagg and Taranger.\[[@ref5]\]

Based on the stage of skeletal maturity observed, a total of 250 children formed the study group. They were divided into five groups, such that each group had an equal number of children, who were also matched for gender. For each child, a lateral cephalogram was taken using a cephalostat (Panmeca Proline 2002cc, Finland) and radiographic film (Kodak X o mat China) of size 8 × 10 inches. The exposure parameters were 72 Kvp, 10 mA and 1.2 s and the source to mid-sagital plane distance was maintained at 60 inches. Cephalometric tracings were carried out for three linear and six angular measurements according to Tsai.\[[@ref6]\] The cephalometric landmarks used are shown in [Table 1](#T1){ref-type="table"}. The linear and angular measurements are shown in [Figure 1](#F1){ref-type="fig"} and [Table 2](#T2){ref-type="table"}.
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The cephalometric landmarks
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Linear and angular measurements
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The data obtained were subjected to descriptive statistical analysis. Analysis of variance was used to determine the significance of the linear parameters between the different stages and Kruskal Wallis test was used to find the significance of the angular measurements between the different stages. Student\'s *t*-test (two-tailed, independent) was used to determine the significance of the linear measurements between males and females and Mann--Whitney *U*-test was used to find the significance of angular measurements between males and females.

Results {#sec1-3}
=======

Males showed a greater mandibular height at all stages of skeletal maturity, except in stage H. A highly significant difference was found between males and females in stage FG (Equal length of Epiphysis and Diaphysis). Similarly, a significantly greater mandibular length was observed in males. Symphysis thickness was found to be higher only in stages F, G and H of females. A significant difference in angle SNB was observed between males and females.

Angle Sella Nasion- Mand plane was found to be significantly higher in females at stage FG. In comparison, the mean values of the Y-axis were observed to be lower in females, except in stage H, wherein a significantly higher value was seen. Females showed significantly greater gonial angles when compared with males in stages FG and G. Females showed a lower value of ramus inclination in all the stages except stage H and stage I. In stage G, it was noted that the ramus inclination for males was 89° and for females, this was 85.44°. This difference was highly significant. Females showed a significantly lesser value of L1-MP only in stage F. There was no significant difference in angle ANB between males and females \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Comparison of the mandibular dimensions between males and females
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###### 

Correlation between mandibular dimensions and skeletal maturity
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Discussion {#sec1-4}
==========

Knowledge on facial growth and development is essential because various treatment modalities, such as rapid palatal expansion and myofunctional therapy, take place during the growth period.\[[@ref4]\]

Growth of the mandible has unique characteristics of size and time of peak growth velocity. It also plays a major role in the development of the anteroposterior relationship between the mandible and the maxilla.\[[@ref7]\] To understand mandibular growth better, and to apply this knowledge clinically, it is important to study the changes occurring in the mandible during the various stages of skeletal maturity. A simple, yet practical and economical, indicator of skeletal maturity is the use of MP3 stages as recorded on an intraoral periapical radiograph.\[[@ref3]\]

As reported\[[@ref7]\] earlier, it was observed that the mandibular ramus height and length in both sexes demonstrated a progressive increase in dimensions during all stages of skeletal maturity. The increase in the height and length was significant at puberty and thereafter. This reiterates the key role of the ramus in placing the corpus and dental arch into an ever-changing fit, with the growing maxilla and face\'s limitless structural variation. This is provided by critical remodeling and adjustment in the ramus alignment.\[[@ref8]\] One feature of mandibular growth is an accentuation of chin prominence. This was reflected by the overall increase in symphysis thickness in our study.

Angle SNB determines the anteroposterior position of the mandible in relation to the anterior cranial base. In our study, females showed a significant increase in angle SNB from pre-pubertal stage to puberty. On an average, females showed a slightly higher angle SNB. These observations can be attributed to earlier general and facial growth in females.

Angle SN-MP (Sella Nasion- Mand plane) gives the inclination of the mandible to the anterior cranial base. The mean value of angle SN-MP is 32°. An age-dependent decrease from 36° to 31° has been observed between the ages of 6 and 16 years.\[[@ref9]\] In our study, angle SN-MP showed a total decrease of 7° and 4° in males and females, respectively. The 15° internal rotation and 11°--12° external and backward rotation could be responsible for this decrease. According to Proffit, one of the features of internal rotation of the mandible is variation between individuals.\[[@ref10]\] This could explain the slightly higher decrease seen in males.

In our study, there was a cumulative increase in the Y-axis in both sexes, suggestive of vertical growth exceeding horizontal growth of the mandible. This is in accordance with other south Indian studies.\[[@ref11][@ref12]\] The value of the Y-axis needs to be evaluated at an early age, especially in those children who exhibit severe vertical problems.\[[@ref10]\] However, any treatment initiated at this stage should proceed because vertical growth continues into the adolescent and post-adolescent stages.

Gonial angle and ramus inclination express the form of the mandible with reference to the relation between body and ramus and cranial base, respectively. The large gonial angle observed during childhood gradually decreases with increasing age due to uprighting of the ramus.\[[@ref10]\] In our study also there was a significant reduction in gonial angle over the various stages of observation in both males and females. Ramus inclination was observed to decrease with skeletal maturity in females, whereas an overall increase was seen in males. Although the mandible of both males and females grows in the same direction, such differences could be due a change in the shape of the gonion. This suggests that there is more bone deposition on the posterior border than on the lower border of the gonion in males.

The rotational pattern of jaw growth influences the magnitude and direction of tooth eruption as well as the ultimate anteroposterior position of the incisor teeth. The normal internal rotation of the mandible carries the jaw upward in front. Due to the internal jaw rotation, the incisors are uprighted and the molars migrate further mesially during growth than do the incisors. In our study, an obtuse lower incisor mandibular plane angle was observed at all levels of skeletal maturity in both genders. The wide angle denotes protrusion of the mandibular incisors, as was also observed in South Kanara children.\[[@ref11]\] In another study on Japanese children, the angle L1-MP decreased, probably due to changes caused by mandibular growth and lingual tipping of the lower incisors to compensate for the forward growth of the mandible.\[[@ref7]\] According to Nanda, the vertical and anteroposterior positions of the incisors are affected by short face and long face individuals.\[[@ref13]\] During the development of occlusion, the permanent lower incisors erupt lingually and then position themselves more labially. This could explain the increase in lower incisor mandibular plane angle in our study. Also, according to Rakosi, this angle increases from 88° at 6 years to 94° at 12 years.\[[@ref9]\]

Riedel introduced angle ANB, which has become the most commonly used parameter in orthodontics and helps in assessing the relationship of maxillary and mandibular bases in the sagittal plane.\[[@ref14]\] In our study, this angle showed a gradual decrease from pre-puberty to post-pubertal stages in both males and females. As reported in earlier studies, this reduction is attributed to the age-related reduction in sagittal distance.\[[@ref8][@ref9]\]

The knowledge about changes in the mandible is incomplete without knowing its correlation with skeletal maturity. It is important in identifying the most efficient starting point for orthodontic treatment along the progressive path of adolescent growth.\[[@ref15]\] Although a significant association between skeletal maturity and facial growth has been demonstrated, correlation between skeletal maturity and specific components of craniofacial growth has been found to be less.\[[@ref16]\] In our study, females showed a better correlation between skeletal maturity and growth changes in the mandible. A variable degree of correlation was observed between different parameters and skeletal maturity. This finding can be due to the variable correlation strength between the mandibular growth velocity and the skeletal maturity observed in previous studies.

The present study shows that there is a significant correlation between mandibular growth and skeletal maturity. It thus confirms the findings of previous studies\[[@ref10][@ref17]\] that skeletal maturity assessment provides a more valid basis than chronological age for grouping individuals. Studies on further classification of subjects based on maturity levels would be a useful means of identifying the child\'s position along the progressive path of growth. Maturity level is used to associate an individual\'s maturational age with the chronological age, and indicates whether the development is average, advanced or delayed.\[[@ref15]\] Future studies on skeletal maturity and facial growth can be performed using longitudinal data.
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